- 1 - 



Docket No. 740145-284 



XENON LAMP 
Background of the Invention 

Field of the Invention 

[0001] The invention relates to a discharge lamp of the short arc type which is used 

for a projection light source and for a projector. The invention relates particularly to a xenon 
discharge lamp of the short arc type of the direct current operation type. 

Description of the Related Art 

[0002] A so-called discharge lamp of the short arc type having an anode and a 

cathode opposite one another is used as a light source lamp in a projection device for a 
demonstration and in a projector device. In this discharge lamp the so-called flicker 
phenomenon arises in which the deflection of the arc increases in the course of operation of 
the lamp. When the flicker phenomenon occurs, the images projected onto the screen flicker; 
which is perceived as unpleasant in visual observation. When the flickering occurs, the short 
arc lamp is replaced and this time that flickering is confirmed is referred to as the flicker 
service life. 

[0003] It is known that the above described flicker phenomenon is caused by 

electrode wear and turbulence of the gas flow in the arc tube. Conventionally, for lamps used 
for the above described purposes, various techniques have been proposed for suppressing the 
flicker phenomenon. 

[0004] The following techniques are known: 

a technique in which the tip area of the cathode is carbonized, thus the motion of the 
emitter substance to the tip area of the cathode is accelerated and thus the wear of the tip area of 
the cathode is reduced, as described in Japanese Patent No. 278261 1 . 

a technique in which the cathode material, with tungsten as the main component, is 
changed so that the amount of change of shape is reduced and thus the stability of the arc is 
maintained, as described in Japanese Patent No. 2851727. 

[0005] Another technique in which electrodes for a flicker-free lamp are produced is 

the technique described in Japanese Patent Application No. 2002-93363. 
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[0006] Additionally, a technique is also known in which in order to stabilize the gas 

flow in the arc tube in the upper area of the arc tube an outside cooling device is employed 
for providing cooling air which cools, convection is suppressed and the arc is stably 
maintained. The use of the outside cooling device, however, often causes enlargement of the 
light source device which is considered undesirable. Furthermore, the gas pressure within the 
arc tube is reduced by excessive cooling. 

[0007] Another technique is known in which by improving the electrode shape the 

influence of convection is reduced. For example, in U.S. Patent 6,614,186 a short arc lamp is 
described in which for the anode in the connecting area between the forward region of the tip 
surface and the body there is a peripheral projection with a V-shaped cross section. 
[0008] In a projector device with a high light intensity, such as a DMD (digital mirror 

device), having pixels of the reflection type of liquid crystals and the like, a xenon lamp of 
the short arc type with a kW range, high radiance and high light intensity filled with xenon 
gas as the discharge medium is advantageously used. This xenon lamp also suffers from the 
lack of durability of the lamp due to the formation of flicker 

[0009] Recently there has been a demand for especially high radiance in a small 

DMD with high precision. The xenon lamps are becoming common in such uses and those 
lamps have the distance between the electrodes which is becoming smaller and smaller and, 
further, the gas filling pressure has been increased, e.g., to > 4 x 10 6 Pa (computed at 25 °C). 
When the distance between the electrodes becomes smaller, a temperature increase of the 
cathode results which leads to premature wear. In particular, in a xenon lamp turbulence of 
the gas flow arises principally in the arc tube. When a change in convection occurs, the arc is 
induced to fluctuate. In these xenon lamps, as a result of the increased of the gas pressure, 
the effect of convection becomes greater which results, due to the mutual action and 
synergistic effect of both the cathode wear and the convection turbulence, in the flicker 
phenomenon occurring prematurely. 

[0010] In a short arc lamp used in the above lamps, it has been discovered by the 

inventors that an improvement of convection within the arc tube occurs, and, further, that a 
relationship between the convection and flicker phenomenon exists which is described below. 
It is noted that in this description, the lamp is limited only to a short arc lamp of the type used 
in the above described field, i.e., to a short arc lamp which is operated with a horizontal 
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position of the tube axis of the lamp. Therefore, this description is not pertinent for a lamp 
operated with a vertical position. 

[0011] Figures 12(a) and 12(b) show, in an enlarged view, the state of convection of a 

xenon lamp in the prior art. Specifically, in Figure 12(a) the lines between the anode 81 and 
the cathode 82 constitute the arc shape, and the arrows represent the state of gas convection 
within the arc tube 83. Since the speed of the added gas is accelerated by the pressure 
difference between the front side of the cathode spot and the vicinity of the anode remote 
from the cathode 82 in a direction toward the anode 81, the gas advances between the 
electrodes essentially parallel to the arc tube axis. The gas which has been accelerated by the 
arc flows along the essentially cylindrical anode 81 to behind this anode 81. At the same 
time, the gas tries to move to above the arc tube since the gas is heated by the arc. 
[0012] In the initial stage, the gas flow - in the direction of the arc tube axis along the 

portion of the body having a uniform diameter which constitutes the maximum outside 
diameter of the anode 81 - moves away from the anode 81 (hereinafter also called simply 
"deportion"), returns again to the middle area of the arc tube 83 which makes the gas flow 
turbulent. Influenced by the turbulence of this flow, a fluctuation occurs in the arc, although 
the amount of it need not be problematical. This fluctuation of the arc accelerates the wear 
and drying-out of the emitter of the cathode 82. 

[0013] Figure 12(b) illustrates that over the course of operation of the lamp the tip of 

the cathode 82 is heavily worn and the emitter substance is also dried out. The result of 
which is that the fluctuation of the arc gradually increases towards the end of the lamp service 
life. As a result, at the start of operation, the gas flow which had deportioned from the body 
of the anode 81 now becomes turbulent due to the greater fluctuation of the arc, and the gas 
flow begins to deportion in the corner area 81a on the border between the tapering region of 
the tip area of the anode 81 and the region of the anode with the maximum outside diameter. 
The turbulence of gas flow convection in the vicinity of the arc is therefore greatly influenced 
by the fluctuation of the arc. Consequently, the arc together with the cathode enters an 
extremely unstable state towards the end of the service life. 

[0014] As was described above, due to the influence of the wear of the cathode, the 

drying-out of the emitter substance and the turbulence of gas flow convection, the flicker 
phenomenon arises prematurely which in turn leads to a shortening of the service life of the 
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lamp. In the prior art, a plurality of measures had been taken to eliminate electrode damage. 
Currently, however, the situation is such that even using the electrode above it is difficult to 
prolong the flicker service life. 

[0015] Still further when a cooling device is used for improving convection in the 

above described manner, the operating property of the lamp can still changes, and solution is 
also difficult to implement in practice. 

[0016] In the above described U.S. Patent 6,614,186, upon placing a^projection in the 

electrode tip area of the arc tube an eddy is formed such that in the vicinity of the arc the 
speed of the gas flow is reduced, and thus the effect of convection is thereby reduced. 
However, the flow energy is weakened by the generation of the eddy due to the projection. 
Since the flow departs from the projection area and since turbulence begins to form in the 
flow after departure, arc fluctuations arise, towards the end of the service life of the lamp, due 
to the turbulence of convection when cathode wear occurs. Ultimately, the flicker service life 
is not prolonged. 

Summary of the Invention 
[0017] A primary object of the invention is to provide a xenon lamp in which even 

towards the end of the service life the fluctuation of the arc is suppressed and the time until 
formation of the flicker phenomenon is prolonged, i.e. the flicker service life increased. 
[0018] The above described object is achieved by the current invention in which the 

xenon lamp includes the following features: 

an arc tube in which both ends are provided with a side tube portion; 

xenon gas is added within the arc tube; 

an opposed anode and a cathode are located within the arc tube at a 
given distance from one another; and 

electrode rods, in which one is connected to the back end of the anode 
and the other is connected to the back end of the cathode, 

and further, the above described anode includes the following elements: 

a curved surface or a plane on the anode tip and on the back end of the 
anode; 

a portion with an increasing diameter that gradually increases from the 
anode tip to the rear; 
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a portion with a decreasing diameter formed such that, behind the 
portion with the increasing diameter, the diameter gradually decreases 
and the length in the axial direction is greater than the length in the 
axial direction of the portion with an increasing diameter; and 

a portion with a maximum outside diameter formed on the boundary 
between the portion with the increasing diameter and the portion with 
the decreasing diameter, 

and the vicinity of the boundary between the portion with the increasing diameter and 

the portion with the decreasing diameter is effected gradually. 

[0019] The above-indicated object of the invention is also advantageously achieved 

when L > D where the length in the axial direction from the anode tip to the back end of the 
anode is labeled L (mm) and the diameter of the above described portion with the maximum 
outside diameter is labeled D (mm). 

[0020] The object of the invention is furthermore advantageously achieved when the 

diameter of the portion with the increasing diameter increases in a tapering manner, the 
diameter of the portion with a decreasing diameter decreases in a tapering manner and the 
surface in the vicinity of the boundary between the portion with the increasing diameter and 
the portion with the decreasing diameter is formed as an essentially arc-shaped rotationally 
curved surface. 

[0021] The object of the invention is also advantageously achieved when the surface 

of the portion with the increasing diameter and the surface of the portion with the decreasing 
diameter are each formed by an essentially arc-shaped rotationally curved surface and that the 
relation R3 < R4 is satisfied when the radius of curvature of the curved surface of the portion 
with the increasing diameter is labeled R3 and the radius of curvature of the curved surface of 
the portion with the decreasing diameter is labeled R4. 

[0022] The object is furthermore advantageously achieved when the diameter of the 

portion with an increasing diameter increases in a tapering manner, the surface of the portion 
with a decreasing diameter is formed by an essentially arc-shaped rotationally curved surface 
and the surface of the back end of the portion with the increasing diameter is formed by an 
essentially arc-shaped rotationally curved surface. 

[0023] The object of the invention also advantageously achieved when the surface of 

the portion with an increasing diameter is formed by an essentially arc-shaped rotationally 
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curved surface and the diameter of the portion with a decreasing diameter decreases in a 
tapering manner. 

[0024] Finally, the object is advantageously achieved when the back end of the anode 

is provided with a portion with a uniform diameter. 

[0025] With the anode of the invention, the gas flow which has been accelerated in 

the arc plasma is allowed to flow to the rear along the anode smoothly, i.e. unperturbed, and 
the section of the gas flow returning to the vicinity of the arc is dramatically lengthened, the 
speed of the gas flow is reduced and the effect on the arc is diminished in comparison with 
the conventional short arc type lamp. It is therefore ideal that the anode is formed in the 
shape of gas flow lines, for example as a wing-shape. However the ideal shape is difficult to 
produce in practice, but no problem arises with the anode of the invention which achieves 
smooth motion of the gas flow to behind the anode. 



[0026] The invention is described in further detail below with reference to the 

accompanying drawings. 

Brief Description of the Drawings 
[0027] Figure 1 shows a section in the axial direction of the tube of a xenon lamp of 

the invention; 

[0028] Figure 2 is an enlarged a side view of the anode as shown in Figure 1 ; 

[0029] Figure 3 shows a schematic of the gas flow state during operation of the 

xenon lamp of the invention; 

[0030] Figure 4 shows a side view of a second embodiment of the anode; 

[0031] Figure 5 shows a side view of a third embodiment of the anode; 

[0032] Figure 6 shows a side view of a fourth embodiment of the anode; 

[0033] Figure 7 shows a side view of a fifth embodiment of the anode; 

[0034] Figures 8(a) to 8(d) each show a side view of other embodiments of the anode; 

[0035] Figure 9 shows a schematic of an experimental device which was used in one 

embodiment; 

[0036] Figure 10 shows a schematic of the result of observation of convection in a 



lamp according to the embodiment and in a lamp according to a comparison example; 
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[0037] Figures 1 1(a) and 1 1(b) each show a schematic of the measurement result of 

the lamp voltage in a lamp according to the embodiment and in a lamp according to a 
comparison example; and 

[0038] Figures 12(a) and 12(b) each show, in an enlargement, a schematic of the state 

of convection of a xenon lamp in the prior art. 

Detailed Description of the Invention 
[0039] Figure 1 is a partial section which shows a xenon lamp of the short arc type of 

the invention and which was cut in the axial direction of the tube. Figure 2 is a schematic 
side view of the anode as shown in Figure 1 . Figure 1 shows a xenon lamp with a nominal 
power consumption of 1 60 A which is operated in a horizontal position of the lamp tube axis. 
A xenon lamp 1 has a silica glass arc tube 10 which is filled with 1 x 10 6 Pa (computed at 25 
0 C) xenon gas and an essentially oval arc tube portion 1 1 in which there are positioned an 
opposed anode and cathode at a spaced distance of roughly 8 mm. One electrode rod 4 is 
connected to this anode 2. Another electrode rod 4 1 is connected to the cathode 3. The 
electrode rods 4, 4' each are composed of a tungsten material, are inserted into the side tube 
portions 12, 12 f which border the two sides of the arc tube portion 1 1 , and are welded in weld 
portions 12a, 12a' on graded glass portions which are intended to bring the coefficient of 
thermal expansion to near that of the electrode rods 4, 4'. The components 13, 13* fix the 
electrode rods 4, 4\ which are inserted into the openings and are located in the middle, and 
are attached to the electrode rods 4, 4\ 

[0040] In Figure 2, the anode 2 has essentially a columnar shape which taken as a 

whole has as a middle in the axial direction of the electrode. The material comprising the 
anode 2 is tungsten. In this embodiment, only the main portion (column-shaped portion) of 
the electrode on the anode side is labeled the "anode", the electrode rod 4 being excluded 
from the discussion. However, in the process of producing the anode, the separate portions of 
the electrode are connected to one another. Each portion can of course also be formed from a 
unitary part by processing, such as on a lathe bench or the like. 

[0041] A portion 21 with an increasing diameter is formed on the tip surface 2a 

positioned opposite a cathode 3, and has a shape in which the outside diameter increases to 
the rear of the anode in a gradually curving manner, i.e. the portion 21 becomes narrower in 
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the direction toward the tip in a gradually curving manner. The electrode rod 4 is mounted on 
the back end 2b of the anode 2 by insertion into an opening located in the middle of the anode 
and is formed as a single piece. 

[0042] The surface of the portion with an increasing diameter 21 is structured as a 

rotationally curved surface which, as is shown in Figure 2, is defined by an arc turned around 
the electrode axis and is of a spheroidal shape toward the outside. The back end of the 
portion 21 forms the portion with the maximum outside diameter 2 A of the anode. Bordering 
this portion with a maximum outside diameter 2A is a portion with a decreasing diameter 22 
which is formed with a shape in which the outside diameter is reduced to the rear in a still 
more gradually curving manner, i.e. in which the portion 22 in the direction to the back 
end 2b becomes narrower in a gradually curving manner. The surface of the decreasing 
diameter portion 22 is defined by a rotationally curved surface which is obtained by turning 
an arc around the electrode axis and is of a spheroidal toward the outside. In the border area 
between the portion of the curved area of the surface of the portion 21 with the increasing 
diameter and the portion 22 of the curved area of the surface of the portion with the 
decreasing diameter, the portion 2A with the maximum outside diameter is formed. In front 
of and behind the maximum outside diameter portion 2A, two curved surfaces are shaped 
passing smoothly one into the other without formation of a discontinuous point. 
[0043] The portion 22 with the decreasing diameter is formed such that the length N 

in the axial direction is greater than or equal to 1/2 of the total length (L) of the anode 2. In 
this way, the length N is greater than the length M in the axial direction of the portion 21 with 
the increasing diameter. Therefore, the section of gas flow until the gas flow reaches the 
portion 22 with a decreasing diameter is short, and which enables gas flow to be effectively 
induced toward the outer end 2b of the arc tube portion 1 1 . 

[0044] In this embodiment, the border between the portion 21 with the increasing 

diameter and the portion 22 with the decreasing diameter for the anode 2 is formed fluidly 
and continuously and the length (N) of the decreasing diameter portion 22 is greater than the 
length (M) of the increasing diameter portion 21. This results in the gas flow in the axial 
direction of the electrode being easily captured in the portion with the maximum outside 
diameter 2A of the anode 2, such that departure of the gas flow occurs less often and the 
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formation of convection to a point behind the anode 2 is accelerated so that stable 
maintenance of the arc is achieved. 

[0045] Furthermore, the configuration in which the total length L of the anode 2 is 

greater than the maximum outside diameter D of the anode, that is, in a side view the anode is 
wider than it is long, easily enables the gas flow behind the anode 2, while the gas flow does 
not radially widen to the outside, and the departure of the gas flow only occurs with 
difficulty. 

[0046] Figure 3 is a schematic of the embodiment in which the above described 

xenon lamp is held and operated such that the tube axis has a horizontal position. The same 
portions as in Figure 1 and Figure 2 are provided with the same reference numbers as in 
Figures 1 and 2. 

[0047] In Figure 3 the broken line between the tip of the cathode 3 and the tip of the 

anode 2 constitutes the arc. With the gas added, the speed of the gas in the vicinity of the 
cathode 3 is accelerated in the arc direction, i.e., accelerated from the cathode 3 in the 
direction toward the anode 2, and the gas continues between the electrodes essentially parallel 
to the tube axis. The gas flows along the anode 2 from the tip 2a to the back end 2b. At the 
same time, the gas tries to move upward in the arc tube 10 because it is heated by the arc. 
[0048] Even when the operating time of the lamp is expiring and the time approaches 

when the lamp reaches the end of its service life, the gas flow in this embodiment proceeds 
along the surface of the anode 2 and is routed in the direction to the back end 2b because in 
the increasing diameter portion 21 of the anode 2 a gently running curved surface is formed. 
That is, the gas flow rarely departs. Because the length in the axial direction of the 
decreasing diameter portion 22 is greater than that of the increasing diameter portion 21, the 
gas flow which has passed through the increasing diameter portion 21 keeps constant a 
certain speed and reaches the decreasing diameter portion 22 where it is deflected in the 
direction toward the middle of the electrode. As a result, the gas flow begins to be directed 
toward the outer end of the arc tube 1 1 without widening in the radial direction. This flow 
likewise occurs when the end of the service life of the lamp is approaching, i.e., the 
convection of the gas flow changes only slightly. 

[0049] When the gas flow reaches the end of the arc tube 11, the gas returns in the 

vicinity of the outer end of the arc tube 1 1 along the top side of this arc tube 1 1 again to the 
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site of the cathode 3. Since a large movement of gas flow occurs in the lengthwise direction, 
the kinetic energy of the gas flow is sufficiently consumed and the speed of the gas flow is 
reduced, the gas flow does not cause a fluctuation in the arc, even when returning to the 
vicinity of the arc. Therefore, employing the anode 2 of this embodiment it becomes possible 
to avoid the arc fluctuation caused by convection gas flow. 

[0050] Consequently, even towards the end of the lamp service life the effect of 

convection is avoided and that the same operating state is maintained as at the start of lamp 
operation. Further, this occurs even if the electrode wears, and even if the arc shifts into the 
state in which it fluctuates more frequently. Therefore, the time to the arc fluctuation 
increases more than in the conventional short arc lamp. Thus, the flicker service life can be 
prolonged. 

[0051] Figure 4 is a side view of a second embodiment of the anode of the invention. 

The same portions as the portions which were described using the above described drawings 
are labeled with the same reference numbers and are no longer described. As is shown in 
Figure 4, in this embodiment both the increasing diameter portion 21 and also the decreasing 
diameter portion 22 are each provided with obliquely running surfaces (21b, 22b) with a 
constant gradient. The increasing diameter portion 21 on its tip has an obliquely running 
surface 21b with a diameter which increases essentially linearly. The decreasing diameter 
portion 22 has an obliquely running surface 22b which essentially linearly reduces its 
diameter proceeding from the portion with the maximum outside diameter 2A. The vicinity of 
the boundary between the increasing diameter portion 21 and the decreasing diameter 
portion 22 is formed by a spheroidal curved surface portion with a cross section which is an 
arc (Rl). In this curved surface portion, the portion with the maximum outside diameter 2A is 
formed. 

[0052] For this anode with the portion with the increasing diameter and the portion 

with the decreasing diameter, by forming a gently running curved surface on the boundary 
between the portion with the increasing diameter and the portion with the decreasing 
diameter, the departure of the gas flow can be made difficult and gas convection allowed to 
flow smoothly to the end of the anode 2. In this embodiment, the curved surface portion is 
formed by a curved surface with a single curvature. However, when the surface of the 
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vicinity of this boundary is formed to be gently running, it can be formed from several curved 
surfaces with different curvatures. 

[0053] Figure 5 is a side view of a third embodiment of the anode of the invention. 

The increasing diameter portion 21 and the decreasing diameter portion 22 include curved 
surface portions which are shaped as bodies of revolution. That is, the arcs (R3, R4) having 
different middles on a vertical perpendicular P with the electrode axis (not shown) and with 
the portion with the maximum outside diameter 2A, have been turned around the electrode 
axis as an axis of rotation. In a cross section through the electrode axis, a curvature is 
chosen by which the boundary between the increasing diameter portion 21 and also the 
decreasing diameter portion 22 becomes continuous. 

[0054] In this embodiment, the radius of curvature R3 of the increasing diameter 

portion 21 is smaller than the radius of curvature R4 of the portion with the decreasing 
diameter 22. In the situation in which the total electrode length is 40 mm to 50 mm and the 
diameter of the maximum diameter portion 2A is 25 mm, it is preferred that R3 < 30 mm and 
R4 > 30 mm. 

[0055] Since the radius of curvature R4 for the decreasing diameter portion 22 is 

greater than the radius of curvature R3 of the increasing diameter portion 21, since the length 
in the axial direction of the decreasing diameter portion 22 is greater than the length in the 
axial direction of the increasing diameter portion 21 and since the decreasing diameter 
portion 22 is formed such that it has a length which is greater than or equal to 1/2 of the total 
length of the anode, it becomes possible to deflect the gas flow before widening in the radial 
direction occurs. 

[0056] In the above described second embodiment and the above described third 

embodiment each anode comprises the following: 

a portion with an increasing diameter borders the tip surface of the anode and the 
outside diameter increases in a gently running manner to the rear; 

a portion with a maximum diameter is located on the back end of the portion 
with an increasing diameter and is formed by a section of a curved surface portion and 

a portion with a decreasing diameter has an outside diameter behind the portion 
with the maximum diameter which decreases in a gently running manner, such that 
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each anode is provided with a gently running curved surface without discontinuous points being 
formed in front of and behind the portion with the maximum diameter. 

[0057] Therefore, the gas flow along the surface of the anode toward the rear can be 

accelerated, gas flow can be induced up to the vicinity of the outer end of the arc tube and 
thus the gas flow speed can be reduced. Further, since the length in the axial direction of the 
portion with the decreasing diameter is greater than the length in the axial direction of the 
portion with the increasing diameter and the portion with the decreasing diameter is formed 
such that it has a length which is greater than or equal to 1/2 of the total length of the anode, 
the gas flow can be deflected in the direction toward the electrode middle and the widening of 
the gas flow in the radial direction can be suppressed. 

[0058] Figure 6 is a side view of a fourth embodiment of the anode. In Figure 6, the 

portion with an increasing diameter 21 of the anode 2 has an obliquely running surface 21b 
which increases its diameter essentially linearly in the cross section in the axial direction. 
The decreasing diameter portion 22 is formed by a rotationally curved surface of an arc with 
a radius of curvature R6 which has its middle on a vertical perpendicular P through the 
portion with the maximum outside diameter 2A and perpendicular to the axial direction of the 
electrode axis (not shown). In the portion with the maximum outside diameter 2A which 
connects the portion with the increasing diameter and the portion with the decreasing 
diameter to one another, a curved surface R5 is formed which is used for smooth coupling to 
two portions. In this embodiment, thus gently running curved surfaces are formed in front of 
and behind the portion with the maximum outside diameter 2A. The gas flow is routed to the 
rear along the surface of the anode 2. Since the length of the decreasing diameter portion 22 
is greater than the length of the increasing diameter portion 21, widening of the gas flow in 
the radial direction is prevented and the gas flow is more easily routed in the direction toward 
the outer end of the arc tube 1 1 , i.e., the rear of the anode 2. 

[0059] Figure 7 is a side view of a fifth embodiment of the anode of the invention. In 

Figure 7, the portion with an increasing diameter 21 of the anode 2 is formed from a body of 
revolution, i.e., the body is turned around the electrode axis as the axis of rotation, in which 
an arc with a radius of curvature R7 which has its middle on a vertical perpendicular P 
positioned perpendicularly to the lengthwise axis of the electrode and through the portion of 
the anode with the maximum outside diameter 2A. On the other hand, the decreasing 
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diameter portion 22 is formed by an obliquely running surface which adjoins the portion with 
the maximum outside diameter 2A and which has a diameter which decreases essentially 
linearly. In this embodiment, a decreasing diameter portion 22a curved surface portion is not 
formed. Reducing the curvature of the increasing diameter portion 21 (by increasing the 
radius of curvature R7) along with a gently running gradient for the obliquely running surface 
of the portion with the decreasing diameter makes it possible to form the portion with the 
maximum outside diameter 2A in a gently running manner. The same action of the gas flow 
can be obtained in this embodiment as in the above described embodiments. 
[0060] The invention is not limited to the above described embodiments, but can be 

changed suitably. Other embodiments are described below using Figures 8 (a) to (d). In 
Figures 8 (a) to (d) the same portions as the above described portions are provided with the 
same reference numbers as they and are no longer described. 

[0061] As is shown in Figure 8(a), the tip surface 2a of the anode 2 can also be 

shaped as a curved surface, i.e., a spheroidally curved surface which projects to the outside is 
advantageous as the curved surface. 

[0062] In Figure 8(b), behind the main portion of the anode 2, a portion with a 

uniform diameter 23 with a constant outside diameter on the back end 2b of this anode 2 is 
formed integrally with the anode. This portion with the uniform diameter 23 is formed in the 
required length so that the fabricator in the process of producing the anode 2, when working 
the columnar body of tungsten on a lathe into a given anode shape, can fix body in a chuck or 
the like. The portion with the uniform diameter 23 is a so-called "electrode grip portion". 
Since this portion is located behind the anode, there is no effect on the action of controlling 
gas flow convection of the invention. If, therefore, behind the anode the portion with the 
uniform diameter is formed as in this embodiment, the total length (L) of the anode is defined 
as the length of that area from which the portion with the uniform diameter 23 is excluded. 
[0063] Figure 8(c) shows an example in which a portion which corresponds to the 

portion with the uniform diameter 23, i.e. the "electrode grip portion", is located within the 
main portion of the anode 2, and in which the portion with a uniform diameter 24 is formed 
in the portion with the maximum outside diameter 2A. In this configuration, it is of course 
formed such that the length (N) (compare to Figure 2) of the decreasing diameter portion 22 
is greater than or equal to 1/2 of the total length (L) of the anode 2. Therefore, without 
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forming a discontinuous point on the curved surfaces in front of and behind the portion with 
the maximum outside diameter 2A, a smooth fluid flow can be achieved. In this example, 
there is no effect on the action of controlling gas flow convection of the invention when the 
length of the portion 24 in the axial direction is in the range of 5% to 10% of the total 
electrode length. 

[0064] Figure 8(d) shows an example in which, in the above described example of 

Figure 8(b), some of the portion with the uniform diameter 23 is reduced in its diameter and 
in which thus a tapering portion 23a is formed. In this example, as in the above described 
example as shown in Figure 8(b), there is no effect on the action of controlling convection of 
the invention. Therefore, again the total length (L) of the anode is the length of that area 
from which this portion with the uniform diameter 23 is removed. 
[0065] One embodiment of the invention is shown below. 

[0066] The xenon lamp shown in Figure 1 with a nominal power consumption of 

6 kW in which the arc tube is filled with 1 x 10 6 Pa (25 °C) xenon gas was produced. The 
anode has the same arrangement as the arrangement shown in Figure 2. The diameter of the 
tip area of the anode is 7 mm and the diameter of the portion with the maximum outside 
diameter (D) is 25 mm. The total length (L) of the anode is 40 mm, the length (M) of the 
portion with the increasing diameter is 14 mm and the length (N) of the portion with the 
decreasing diameter is 26 mm. 

[0067] (Comparison Example) An anode of a conventional product was 

manufactured. On the side of the tip of an essentially cylindrical tungsten rod with a 
diameter of 25 mm and a length of 45 mm a tapering portion with a length in the axial 
direction of 14 mm and on the side of the back end of this tungsten rod a tapering portion of 6 
mm were formed, and the electrode rod was connected to the rear end face. Electrodes and 
electrode rods according to this prior art, except for the arrangement of the anode, were 
produced in the same way as in the xenon lamp according to the above described 
embodiment of the invention, and thus a xenon lamp for the comparison example was 
produced. 

[0068] The xenon lamps in the above described embodiment and the above described 

comparison example were operated for 750 hours and at a current value of 160 A, and the 
convection states were observed. 
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[0069] The convection was observed using the experimental device shown in 

Figure 9. Figure 9 is a schematic of the arrangement in which the experimental device was 
examined from top to bottom. First, there is a lamp 50 with which the convection is 
observed, and a lens 52 and a diaphragm 53 which are used for enlarged projection of the 
convection state onto a screen 51. 

[0070] Behind the lamp 50 is a light source 54. Parallel light is produced via the 

lens 55 and the lamp 50 is irradiated with it. In this way, the convection state of the gas 
within the arc tube of the lamp 50 is projected onto the screen 5 1 . 

[0071] The result is shown summarized using Figure 10. In this figure, for the sake 

of simplification only the gas flow underneath the anode tip which causes turbulence of the 
convection is shown using an arrow. 

[0072] In the xenon lamp in the embodiment of the invention for Figure 1, the 

convection gas flow is pointed from the vicinity of the tip area of the anode to the rear with 
no change in flow, even after 750 hours of operation. This confirms that the gas flow from 
the vicinity of the anode body flows to the top in the arc tube and that turbulence of 
convection rarely occur for the embodiment of the invention, such as during an operating 
length of the lamp of less than 1 hour. 

[0073] On the other hand, in the xenon lamp in the comparison example, it was 

confirmed that the convection gas flow in the vicinity of the tip area of the anode flows and 
widens in the radial direction, and that, after extended operation, the flow in the vicinity of 
the tip area of the anode moves unchanged to the top of the anode where the gas flow was 
found to be turbulent. When this turbulence of gas flow convection occurs, the fluctuation 
width of the arc increased and the fluctuation of the lamp voltage became disruptively large. 
[0074] Furthermore, in the above described lamps, the lamp voltage is measured after 

750 hours of operation since the flicker phenomenon can be determined by the deflection 
width of the lamp voltage. 

[0075] Figures 1 1(a) and 1 1(b) each show the results of measuring the lamp voltage. 

In Figures 11(a) and 11(b), the x-axis plots the time (min) and the y-axis plots the lamp 
voltage (V). As is shown in Figures 1 1(a) and 1 1(b), for the lamp voltage of the embodiment 
of the invention, the deflection width of the lamp voltage is improved by roughly 80% from 
the deflection width of the lamp voltage of the comparative example. 
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[0076] Finally, for the lamp in the comparison example, the flicker phenomenon 

occurred at 750 hours of operation; while, it was confirmed that for the lamp in the 
embodiment of the invention the flicker phenomenon did not occur even at 1000 hours of 
operation. 

[0077] In the xenon lamp of the invention, the convective gas flow travels smoothly 

to the rear along the anode body. The gas flows over the vicinity of the outer end of the arc 
tube, resulting in the state in which the speed of the gas flow in the vicinity of the arc is 
reduced. Thus, the phenomenon that the arc fluctuates by convection is reduced and a stable 
state of the arc can be maintained over a long period of time. As a result, the time until 
formation of the flicker phenomenon, i.e., the flicker service life, can be prolonged. 



